Densities (ρ) and viscosities (η) of the binary systems 2-Methoxy-2-methylpropane with iso-propanol were measured at temperatures (288.15, 293.15, 298.15, 303.15 and 308.15) K and atmospheric pressure, over the whole composition range. The density and viscosity of the solutions were correlated with the temperature with a linear equation, respectively with Guzman's equation. The excess values of molar volume (V E ), viscosity (η E ) and molar Gibbs energy (∆G* E ) were calculated from experimental measurements. The excess functions of the binary systems were fitted to Redlich-Kister equation. Viscosity results were fitted to the equations of Grunberg-Nissan, Heric-Brewer, Jouyban-Acree and McAllister.
Experimental part
The chemicals MTBE (mole fraction purity > 0.995) was obtained from Merck and iso-propanol was supplied by Chemical Company (mole fraction purity > 0.997). The chemicals were dried over molecular sieves (Fluka type 4 Å). The purity was checked through chromatographic analysis. The mole fractions were determined by weighing and precision of the mole fraction was ± 0.00005.
The densities were measurement by hydrostatic weighing method of Kohlrausch [3] . The precision of the density was estimated to be ± 0.00005 g . cm -3 . The temperature of thermostatic water bath being controlled to ± 0.05 K. Viscosities of the pure components and of the binary mixtures were measurement with an Ubbelohde kinematic viscometer [4] . Temperature constancy was achieved by using a thermostatically controlled bath (constant to ± 0.05 K). The kinematic viscosity was determined using the relation:
where t (s) is the flowing time of a constant volume liquid through the viscometer capillary. Accuracy of time measurement was ± 0.01s. A and B are viscometer constants and were determined from measurements with the calibration fluids. The dynamic viscosity was calculated from the following equation: η =ν ρ (2) where ρ is the density of the liquid. The precision of the viscosity was estimated to be ± 0.002 mPa . s.
Results and discussions
The measured densities and viscosities of the pure component liquids are compared with the literature values and given in table 1. MTBE densities values reported in the literature differ from our experimental data with a maximum of 0.07%. For iso-propanol, densities values published in the literature differ by less than 0.2% than our results. Viscosity values reported in the literature differ than our results with a maximum 3% for MTBE and with maximum 0.6% for iso-propanol. Densities and viscosities of the binary mixtures of MTBE (x) + iso-propanol are reported in table 2.
Densities of the binary mixtures were correlated with temperature using the following equation [15] :
where a 0 , a 1 are the equation parameters and T is the temperature. The temperature dependence of the viscosities of pure component and binary mixtures is expressed using Guzman's equation [15] : (4) where η o and E a are the adjustable parameters.
The adjustable parameters of these equations were estimated using the experimental data and a nonlinear regression analysis employing the Levenberg-Marquardt algorithm [16] . Table 3 shows the fitting parameters along with the standard deviation calculated with equation: (5) where X is the value of the analysed property, m is the number of data points, and n is the number of estimated parameters.
The small values of the standard deviation show that the equations 3 and 4 correctly estimate the variation of the density and the viscosity of the solutions with the temperature.
The viscosity data correlation
Several empirical and semi-empirical relations have been used to represent the dependence of viscosity on concentration of components in binary systems:
(1) Grunberg-Nissan [17] : (6) (2) Heric-Brewer [18]: (7) (3) McAllister four body model [19] :
(4) Jouyban Acree [20, 21] : (9) In these equations η, and η 1 , η 2 are the dynamic viscosities of the liquid mixtures and of the pure components 1 and 2, x 1 , x 2 are the mole fractions, M 1 , M 2 are the molecular masses, T is the temperature; d, α 12 , α 21, η 1112 , η 1122 , η 2221 and A j are interaction parameters (viscosity coefficients) and reflect the non-ideality of the system.
The parameters that appear in equations 6-9 were estimated using the experimental viscosity data and a nonlinear regression analysis employing the Levenberg-Marquardt algorithm [16] . Table 4 shows the parameters calculated and the standard deviations between experimental values and those obtained using the semiempirical relations, calculated with equation 5. The data show that no model can not correctly estimate the excess viscosity at all temperatures investigated. A comparison of the calculated and the experimental viscosities shows that the Jouyban -Acree model produces accurate results for 288.15 K, 293.15 K, 303.15 K and 308.15 K, while for 298.15 K the Heric-Brewer model is the best to describe viscosities.
Excess properties
The excess molar volumes were calculated from the densities of the pure liquids and their mixtures using the following equation: where x and (1-x) are the mole fraction of the components, M 1 and M 2 are the molecular masses of the components 1 and 2, and ρ, ρ 1 and ρ 2 are the densities of the solution and respective of the pure components.
The experimental values of viscosity (η) are used to calculate the excess viscosity (η E ) defined by the equation: (11) where η 1 and η 1 are the viscosities of pure components.
The excess molar Gibbs energies of activation of viscous flow, , were obtained from following equation: (12) where R is the universal constant of gases, T is the absolute temperature, V is the molar volume of the mixture and V 1 and V 2 are the respective molar volumes of the pure components.
The excess functions of the binary systems can be represented by a Redlich-Kister type equation: where X E represents any of the following properties: V E , η E , , x i , x j are the mole fractions of the components i and j, respectively, and A k denotes the polynomial coefficients.
The values of these coefficients are indicated in table 5 along with the standard deviation calculated with equation 5.
We can notice that the excess molar volumes are negative in the whole composition range and at all temperatures. Negative values of excess molar volume were associated with hydrogen bonding and complex formation between ether (non-self-associating component) and alcohol (strong self-associating component) as well as with structural effects [22] [23] [24] [25] [26] . The effect of temperature on the V E shows a systematic decrease with temperature for all the mixtures. As an illustration, figure 1 shows experimental (eq. 10) and calculated values (equation 13, continuous curve ) of V E at all temperature. The excess viscosities are negative over the entire range of mole fractions at all the temperatures. The negative excess viscosity was explained by many authors through different forms [26] [27] [28] . By the addition of MTBE molecules, the alcohol molecules dissociate and have greater mobility than the pure alcohols due the reduced cohesive forces of alcohol molecules upon mixing [29] [30] [31] . If the temperature increases the negative values of excess viscosity decrease. This can be explained by breaking hydrogen bonds and increasing mobility of molecules due of the increase of thermal energy [22] . parameter may be considerable a valid measure to detect the presence of interaction between molecules [32, 33] .
Negative values of ∆G #E correspond to the existence of solute-solute association [34] . 
Conclusions
The densities and viscosities of binary mixtures of MTBE + iso-propanol were measured experimentally at temperatures (288. 15, 293.15, 298.15, 303.15 and 308.15) K over the entire composition range. From these results, the excess values of molar volume, viscosity and Gibbs energie of activation of viscous flow have been computed and fitted to the Redlich-Kister equation, each with low standard deviations. Negative deviations in the range of measured mole fraction were observed for excess molar volumes, for the excess dynamic viscosity and for the excess molar Gibbs energies of activation of viscous flow at all of the temperatures.
The density of the solutions studied in this paper can be correctly estimated at different temperatures using a linear equation, and the viscosity of these solutions conforms Guzman's equation.
Grunberg-Nissan, Heric-Brewer, Jouyban Acree and McAllister models have been used to calculate viscosity coefficients and these were compared with experimental data for the mixtures. The results of these correlations showed that Jouyban Acree model is best for all temperatures investigated except temperature 298.15 K, where Heric-Brewer is better. Fig. 1 . Excess molar volumes versus mole fraction of (x) MTBE + iso-propanol at:(!)288.15 K, (") 293.15 K, (!) 298.15 K, (") 303. 15 K, (#) 308.15 K. 
